The m easurem ents o f electron transport o f PS II w ere perform ed as described b efore (T hiem ann and Barz, 1994).
M easurem ents o f reduction kin etics o f P -700+
The absorption change o f P-700 was m onitored at 703 nm after short flash in du ction according to H aehn el and Trebst (1982). The eq u ipm en t was kindly provided by Prof. Dr. W. H aeh n el (Institute o f B iochem istry and B iotech n ology o f Plants, U n i versity o f M ünster, G erm any), the m easu rem ents and calculations w ere perform ed as described by Ratajczak (1987) .
To 
R esu lts and D iscussion

G row th characteristics
A m o n g the photosynthesis-inhibiting herb i cides, triazinones, w hen applied in sublethal co n centrations, are know n for their "greening e ffe c t" and for their stim ulating activity on cell division, nitrate uptake and subsequently increasing activity o f nitrate reductase, am ino acid con ten t and so l uble protein (K oenig, 1987; F edtke, 1979). T hese effects -also know n as "H orm esis effect" -only occur in a narrow concentration range, w hereas with increasing concentrations they rapidly b e com e phytotoxic (Fedtke, 1982) . (Table I) .
The data p resen ted in Table I corroborate The alterations show n in Table I clearly d ocu m en ted the so-called "greening effec t" (K oenig, 1987) sh ow n by sensitive plants, and this effect re sults from a higher ch loroph yll con ten t in the pres en ce o f low photosynth esis-in hibitin g herbicides. Furtherm ore, a higher cell division activity (com pare Table I (Table I) and The data show n in Table II In view o f these data the repeated ly ob served low photosynth etic capacity in som e triazine-re- (Table III) The results (Table IV) obtained with the thy lakoid preparations of the resistant and the wild type cells in the absence of metribuzin show that the resistant lines (with the exception of line 3 in PS I and line 5 in PS II, respectively) only exhibit slightly higher rates for electron transport in both photosystem I and II.
Taking into account that thylakoids represent a very sensitive system and that the D 1 protein shows rapid turnover (W ettern, 1986 ) the absolute values of Table IV should be interpreted with cau tion. Nevertheless, a real decrease in electron transport can be excluded for the herbicide-resistant lines of Chenopodium rubrum. In contrast to this result a substantial change was found in triazine-resistant Chenopodium album plants. They exhibited only 44% of the electron transfer rate in photosystem II shown by the susceptible plants (Jansen et al., 1986) .
After application of metribuzin (10-6 m to lines 5 and 6 and 10~5 m to the other resistant strains) the resistant lines showed an impaired electron flow, which appears to be inversely proportional to their degree of resistance (Schwenger-Erger et al., 1993). In view of the values recorded for linear electron transport it is understandable that the resistant lines when compared to the wild type cells exhibit reduced growth rates if they are culti vated with high inhibitor doses.
In general, our data lead to the assumption that the photosystem II inhibitor metribuzin exerts in hibitory effects even in case of highly resistant lines. Since the binding properties of thylakoids for metribuzin are altered , the effects might be unspecific. This phenom enon of unspecific binding could be de tected in triazine-resistant Amaranthus retroflexus plants if they were treated with high inhibitor con centrations (Oettm eier et al., 1982) .
The partial decrease in electron transport is sup posed to originate from other effects shown by the resistant lines in the presence of high metribuzin concentrations. Such additional factors may be compensatory effects, which are visible as an in crease in chlorophyll content and antenna size/ num ber of photosystem II. Furtherm ore, changes in membrane lipid composition and ultrastructural modifications in chloroplast structure (increased ratio of grana to stroma thylakoids) have been ob served and may be of importance (Thiemann, 1990; Thiemann and Barz, 1994; Barz et al., 1994; Schwenger-Erger and Barz, unpublished) .
Function and relative amount o f photosystem II
The results presented so far indicate that changes in the amount of composition of light-harvesting complexes as well as in the num ber of reaction centers may have occurred in the m utant lines. To clarify such points, flashlight photom etry offers a possibility to measure the amount and function of photosystems and this technique may also provide data on electron transfer rates be tween Q b and the plastoquinone pool. The m easurem ents were performed with thy lakoids isolated from the eight metribuzin-resist ant lines and the wild type cells of Chenopodium rubrum. According to Haehnel and Trebst (1982) the relative amount of P-680 was estimated by recording the reduction kinetics of P-700+. The m easurem ents were perform ed using established procedures and equipm ent (Haehnel, 1984; Ratajczak, 1987) .
The reduction kinetics of P-700+ following a short light flash were measured in the thylakoids after oxidizing the electron carriers between the two photoreactions and most of the P-700 by farred light. The subsequent time course of the P-700 absorption change induced by a short flash was m onitored at 703 nm. This short flash leads to an oxidation of residual P-700 as indicated by the negative absorption change shown in Fig. 2 . The positive amplitude after the flash is caused by re duction of P-700+ with electrons from photosys tem II. A t a constant intensity of the far-red light the area below the positive transient shaded in Fig. 2 is proportional to the num ber of electrons produced by photosystem II and due to this rela tion also to the num ber of reaction centers. The relative values obtained by calculating the areas for resistant and wild type cells are presented in Table V (column 1) .
The half-time of P-700 reduction can graphically be estim ated (Haehnel, 1984) . This reduction is caused by the electron transfer from the cyto chrome b j f complex via the rate-limiting oxi dation of the plastoquinone pool. Low proton con centrations inside the thylakoids will increase this half-time of P-700+ reduction, therefore this phenom enon was avoided by the addition of the uncoupler gramicidin D to the thylakoid assays. The data for the half-time measurements are also listed in Table V (column 4) .
A n initial lag phase of 3 -6 ms in the reduction of P-700 can be detected by using a different time course for recording the change of extinction at 703 nm. Such a lag phase is due to all electron transfer steps occurring before the rate-limiting oxidation of plastoquinol. These earlier steps also enclose the electron transfer from Q A to Q B and this reaction might be of special interest with regard to the m utant cells. The relevant data are included in Table V (column 5) .
Since an alteration in the num ber and compo sition of light-harvesting complexes might also have led to changes in the amplitude and conse quently in the area below the positive transient (Fig. 2 ) the concentration of P-700 was also deter mined. U nder the assumption that the reaction centers of both photosystems are present in ap proximately equal concentrations (Kaplan and A rntzen, 1982) , a direct determ ination of the con centration of P-700 might also offer a means to obtain more data on the concentration of P-680.
The reaction mixtures for the aforem entioned spectroscopic assays were completed with artificial electron donors for photosystem I and the deter gent Triton X-100. The reduction of P-700 was in duced by a short light flash of low intensity and carried on without additional far-red illumination. The concentration of P-700 is proportional to the extent of absorption change at 703 nm. The rel evant concentrations were calculated for the eight resistant lines and for the wild type cells of Cheno- Table V (col umn 2) show that the data for P-700 although dif ferent for the various lines are in fair agreem ent with those estimated for the relative amounts of P-680 (Table V , column 1). This is in line with the assumption by Kaplan and A rntzen (1982) . It is also evident that rem arkable increases (line 4) or decreases (lines 2, 3, 7 and 8) in reaction centers and/or light-harvesting complexes occurred. Furtherm ore, the experim ental determ ination of the P-700 concentrations enabled us to calculate the num ber of chlorophyll molecules per reaction center of photosystem I (Table V, column 3).
The comparative data of Table V lead to inter esting conclusions with regard to num ber and/or size of reaction centers, light-harvesting complexes and photosynthetic electron transport rates for the Chenopodium rubrum m utant lines. In general, compensatory effects are evident although differ ent in extent for the various lines.
Pronounced variations in reaction centers/lightharvesting complexes of m utant strains (lines 2 and 3 versus lines 4 and 5) in comparison to wild type cells indicate that the concentrations of P-700 and P-680 may readily respond to m utations in the D 1 protein of photosystem II. Furtherm ore, such variations are also reflected by massive changes in the num ber of chlorophyll molecules per reaction center (Table V, column 3). The highest increase in this specific chlorophyll content (lines 2 and 3) is assumed to result from a decrease in antenna siza/number. These two lines are the only ones which carry mutations in the D 1 protein at positions 229 and 266, respectively. F urther work must show whether this assumption is correct.
Differences in half-time values for plastoquinol oxidation (Table V, column 4) are m easurable but they are not considered to be significant (Ratajczak, 1987) . Therefore, this oxidation reaction appears to proceed unimpaired in all cell lines.
The data on lag phase of P-700+ reduction (Table V, column 5) reveal that the events within photosystem II including the reduction of the plas toquinol pool are not slowed down by the various mutations. Some resistant lines even show a slightly reduced lag phase in comparison to the wild type. The significance of these observations remains to be evaluated by more intensive inves tigations.
All data taken together allow the conclusion that the eight metribuzin-resistant m utant lines do not show a m utation-induced impairm ent of photosynthetic electron transport. Only in the presence of high metribuzin concentrations slight inhibitory effect become evident. On the other hand, the various compensatory effects (i.e. in crease in the size/number of light-harvesting com plexes, changes in chlorophyll a/b-ratio, degree of thylakoid stacking) are well pronounced and the extent of these effects can well be correlated with the degree of resistance (Schwenger-Erger et al., 1993). The photoautotrophic m utant cell lines of Chenopodium rubrum are thus a highly versatile system for more detailed investigations on the adherent mechanisms.
